Do Pulmonary Hemodynamics Change After Effective Lung Volume Reduction Surgery for Emphysema?  by Chou, Shah-Hwa et al.
Pulmonary hemodynamics after lung volume reduction surgery
533Kaohsiung J Med Sci November 2004 • Vol 20 • No 11
DO PULMONARY HEMODYNAMICS CHANGE
AFTER EFFECTIVE LUNG VOLUME REDUCTION SURGERY
FOR EMPHYSEMA?
Shah-Hwa Chou, Hung-Yi Chuang,1 Eing-Long Kao, Ming-Shyang Huang,2
Jhi-Jhu Hwang,2 Tung-Heng Wang,2 and Meei-Feng Huang
Departments of Surgery and 1Occupational Medicine and 2Division of Chest Medicine,
Department of Internal Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan.
The improvement in lung function, exercise test, blood gas levels, and symptoms in emphysema patients
after volume reduction surgery is a result of improvements in breathing mechanics. The question is, is
the improvement in the condition related to pulmonary hemodynamics? Few studies have examined pre-
and postoperative pulmonary pressure. This paper examines whether there is any significant change in
systolic and diastolic pulmonary pressure after effective volume reduction surgery. From October 1999
to October 2002, 12 emphysema patients who underwent volume reduction surgery were studied. Systolic
and diastolic pulmonary pressures were measured 2 days before surgery through cardiac catheterization
and 2 days after removal of the chest tubes through Swan Ganz catheters placed in the operating room
just before surgery. Patients were stable and breathed without assistance during the postoperative pressure
measurement. Blood gas analysis, lung function tests, and a 6-minute walk test were performed
preoperatively and 3 months postoperatively. The two sets of data were compared using the Wilcoxon
signed rank test. There was no significant change in pulmonary hemodynamics, although pulmonary
function improved. The improvement in pulmonary function after volume reduction surgery is not related
to pulmonary hemodynamics.
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Resection of a severely diseased lung can improve pul-
monary function and symptoms because the removal of
non-functioning lung tissue can reduce the work of breath-
ing and lead to thoracic cage reconfiguration, regain of
the diaphragm dome, an increase in the elastic recoil of
the lung, and rearrangement of ventilation perfusion [1].
Although these have been reported in many studies [2–7],
it is uncertain whether volume reduction surgery alters
pulmonary arterial pressure, which improves patient con-
dition. Few similar studies have been published.
MATERIALS AND METHODS
From October 1999 to October 2002, 12 patients with type II
to type III emphysema [8] underwent volume reduction
surgery. They included two women and 10 men, with ages
ranging from 45 to 72 years (Table 1). All patients had a
definite diagnosis made by chest physicians according to
history, symptoms and signs, chest roentgenography, and
spirometry. Lung function continued to worsen despite
aggressive medical treatment over a period of time. Pa-
tients were excluded if they had pulmonary hypertension
(pulmonary artery systolic pressure > 50 mmHg), habitual
tobacco use, angina, obesity, ventilatory dependence, or
non-ambulatory status.
Before surgery, all patients underwent at least 4–5 weeks
of respiratory rehabilitation. Preoperative chest comput-
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erized tomography (CT) scans, lung ventilation-perfusion
(V/Q) scans, and chest roentgenograms were obtained.
Lung function tests, right heart catheterization, blood
gas analysis, and the 6-minute walk test were performed
immediately after rehabilitation. During right heart cathe-
terization, pulmonary artery pressures were measured.
Postoperative pulmonary pressures were measured
2 days after chest tube removal through Swan Ganz cathe-
ters, which were inserted in the operating room just
before surgery. The patients were in a stable condition and
breathed without assistance during the procedure. Lung
function tests, blood gas analysis, and the 6-minute walk
test were performed again 3 months postoperatively.
Volume reduction surgery
One-lung anesthesia using a univent endotracheal tube was
chosen. A Swan Ganz catheter was routinely placed. The
worst portions of the lungs were correlated from the CT and
V/Q scans, and the still-inflating portions were multiple-
wedge excised using chlorostat-strengthened GIA auto-
suture of size 55–4.8. Most excised sections were over the
apical portion of the lung. No more than one-third of
the total lung volume was removed. Ten patients under-
went unilateral reduction via thoracotomy and two pa-
tients underwent bilateral reduction through a median
sternotomy. Air leaks were carefully sought to minimize
the risk of prolonged chest-tube drainage. Two chest tubes
on each side were routinely used. Pain control was provided
through an epidural catheter, which was removed 3 days
postoperatively. Nine patients were extubated within 2
days and three patients were extubated on the third day.
Chest tubes were removed 4–10 days postoperatively, and
pulmonary hemodynamics were measured 2 days later.
The Swan Ganz catheter was removed immediately after
measurement.
RESULTS
All patients were in good condition when the chest tubes
were removed and started walking 2–3 days postoperatively.
Table 1. Patient demographics and surgical procedure
Patient Gender Age (yr) Volume reduction surgery
1 M 66 Unilateral
2 F 69 Unilateral
3 M 62 Unilateral
4 M 71 Unilateral
5 M 65 Unilateral
6 M 68 Unilateral
7 M 55 Unilateral
8 F 66 Unilateral
9 M 45 Bilateral
10 M 66 Bilateral
11 M 72 Unilateral
12 M 58 Unilateral
M = male; F = female.
Table 2. Pre- (Pre) and postoperative (Post) (3 months) partial pressure of oxygen in arterial blood (PaO2), partial pressure of
carbon dioxide in arterial blood (PaCO2), forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), and
6-minute walk distances
Patient PaO2 (mmHg)* PaCO2 (mmHg) FVC (L) FEV1 (L)* 6-minute walk (m)*
1 Pre/Post 66/72 48/47 1.89/2.31 0.72/0.95 252/275
2 Pre/Post 62/69 45/42 1.91/2.97 0.65/1.10 235/253
3 Pre/Post 70/76 44/44 2.04/2.60 0.90/1.20 332/368
4 Pre/Post 63/70 47/45 2.02/2.87 0.77/1.15 260/282
5 Pre/Post 65/68 48/47 1.77/2.26 0.64/0.85 230/245
6 Pre/Post 66/70 44/42 1.66/2.50 0.75/1.20 266/290
7 Pre/Post 65/67 42/40 1.84/2.75 0.70/1.10 270/288
8 Pre/Post 70/75 45/44 1.78/2.44 0.75/1.05 225/240
9 Pre/Post 72/75 40/38 2.48/2.85 0.92/1.14 335/360
10 Pre/Post 64/73 46/40 1.73/2.55 0.80/1.25 305/335
11 Pre/Post 70/76 45/42 2.31/2.88 0.95/1.30 320/355
12 Pre/Post 66/68 44/40 2.12/2.93 0.78/1.20 265/285
*Significant difference between pre- and postoperative value (Wilcoxon signed rank test).
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Blood gas analysis, lung function tests, and 6-minute walk
tests showed significant improvements (Table 2), although
the decrease in the partial pressure of carbon dioxide in
arterial blood was not significant. There were no significant
changes in pulmonary pressure after volume reduction
surgery (Table 3). Three patients had air leakage for more
than 7 days. All patients had an uneventful recovery and
there were no deaths.
DISCUSSION
The fundamental pathophysiology of emphysema stems
from abnormalities in the elastic recoil of the lung [7,9,10].
With the loss of elastic recoil, alveolar driving pressure is
reduced. As a result, the expiratory flow rate is abnormally
low. Also, with a loss in elastic airway support, expiratory
resistance increases. Total lung capacity and residual
capacity increase as a result of early closure of the airway
during expiration. This causes hyperinflation of the lungs
and further leads to inspiratory muscle inefficiency.
Incomplete expiration causes abnormal positive end
expiratory pressure, which further work is required to
overcome and initiate inspiratory flow. Finally, the dia-
phragm is flattened and unable to work properly.
It is widely known that pulmonary hypertension is a
late sequel of emphysema. This is due to distended bullae
compression of pulmonary vascularities [10]. Based on
this perspective, upon the excision of useless bullae, elas-
Table 3. Pre- and postoperative pulmonary pressures
(systolic/diastolic)
Patient Preoperative Postoperative
(mmHg) (mmHg)
1 38/20 36/21
2 42/22 44/20
3 37/20 36/20
4 28/12 28/11
5 42/21 40/20
6 36/16 37/16
7 38/19 37/19
8 39/17 39/16
9 40/19 38/19
10 40/20 37/18
11 42/23 41/22
12 39/18 39/17
Wilcoxon signed rank test. No significant pulmonary pressure
change (p > 0.05).
tic recoil and compliance improve to that of a normal
compressed lung. Also, pulmonary vascular resistance is
reduced. Theoretically, this suggests that there is some
improvement in pulmonary hemodynamics after the com-
pression of hyperinflated lungs is released. As a result of the
improvement in pulmonary hemodynamics, the symptoms
of emphysema are further relieved.
This study recorded pre- and postoperative pulmo-
nary pressures in 12 emphysema patients who underwent
unilateral or bilateral volume reduction surgery. Theo-
retically, the change in hemodynamics would be greatest
at the point immediately after the release of the bullae
compression. However, our data showed no significant
change in pulmonary pressures after effective surgery,
i.e. surgery that improved pulmonary function, blood
gases, and the 6-minute walk test. We are not sure whether
the autoregulation mechanism played a role. We decided
not to measure pulmonary hemodynamics 3 months later
because it was unethical to perform an invasive procedure
only for the purpose of study. There was no immediate
pressure change after the release of the bullae compres-
sion and it is unlikely to alter later on. In a related study,
Haniuda et al found no significant change 6 months after
the procedure [11].
The only weak point in this study was that the Swan
Ganz catheter was in place slightly longer than usual. How-
ever, it was kept as aseptic as possible, and there was no
adverse event related to the catheter.
The findings of this study suggest that pulmonary
hemodynamics do not change significantly after volume
reduction surgery. That is to say, the improvement in
pulmonary function is not related to pulmonary hemodyna-
mics after volume reduction surgery.
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